Data show that viral genotype 1 may increase the risk of cirrhosis and hepatocellular carcinoma (HCC) compared to genotype 2 in patients with chronic hepatitis C virus (HCV) infection. However, the effect of HCV genotype 3 on cirrhosis and HCC risk is uncertain. We identified patients with active HCV infection, confirmed by positive polymerase chain reaction (PCR) and a known HCV genotype, from the VA HCV Clinical Case Registry between 2000 and 2009. We examined the effect of HCV genotype on the risk of cirrhosis and HCC in a Cox proportional hazards model adjusting for patients' age, period of service (World War I/II, Vietnam era, post-Vietnam era), race, gender, human immunodeficiency virus (HIV) infection, alcohol use, diabetes, body mass index, and antiviral treatment receipt. Of the 110,484 patients with active HCV viremia, 88,348 (79.9%) had genotype 1, 13,077 (11.8%) genotype 2, 8,337 (7.5%) genotype 3, and 1,082 (0.9%) patients had genotype 4 infection. Despite being younger, patients with genotype 3 had a higher risk of developing cirrhosis (unadjusted hazard ratio [HR] 5 1.40, 95% confidence interval [CI] 5 1.32-1.50) and HCC (unadjusted HR 5 1.66, 95% CI 5 1.48-1.85) than HCV genotype 1 patients. After adjustment for prespecified demographic, clinical, and antiviral treatment factors, the risk of cirrhosis and HCC was 31% (adjusted HR 5 1.31, 95% CI 5 1.22-1.39) and 80% (adjusted HR 5 1.80, 95% CI 5 1.61-2.03) higher in patients with genotype 3 compared to genotype 1 infected patients. Conclusion: HCV genotype 3 is associated with a significantly increased risk of developing cirrhosis and HCC compared to HCV genotype 1. This association is independent of patients' age, diabetes, body mass index, or antiviral treatment. (HEPATOLOGY 2014;60:98-105) Abbreviations: BMI, body mass index; CCR, Clinical Case Registry; DAA, direct acting antiviral agent; HCC, hepatocellular carcinoma; HIV, human immunodeficiency virus infection; SVR, sustained virologic response.
C hronic infection with hepatitis C virus (HCV) is a common and progressive condition. Of the estimated 4 million persons in the U.S. who are chronically infected with HCV, up to onethird will progress to advanced fibrosis and cirrhosisa subset at high risk for subsequent complications, including hepatocellular cancer (HCC). [1] [2] [3] Several host factors are associated with increased risk of cirrhosis and HCC in HCV. These include older age at infection, longer duration of infection, male sex, alcohol consumption >50 g/day, human immunodeficiency virus (HIV) coinfection, high body mass index (BMI), and diabetes. 4, 5 In addition, viral factors-particularly HCV viral genotype-may influence the natural course of HCV. Several published studies show that HCV genotype 1 infection may increase the risk of cirrhosis and HCC compared to the other HCV genotypes, 6 although a birth cohort effect in which patients with genotype 1 infection were infected earlier than those with other genotypes cannot be excluded. The effect of HCV genotype 3 on cirrhosis and HCC risk in U.S cohorts has been less clear. Evolving data suggest that HCV genotype 3 may have a negative impact on histological and clinical outcomes in patients with HCV. Specifically, HCV genotype 3 was associated with faster progression of fibrosis in a recent meta-analysis of cross-sectional single-biopsy studies. 7 In addition, a few recent cohort studies found that patients with HCV genotype 3 may be at a greater risk for HCC and all-cause mortality than patients with other HCV genotypes. [8] [9] [10] These data, although suggestive of high risk of cirrhosis and HCC in patients with genotype 3, are limited by the relatively small sample of patients and the inability to adjust for the range of factors associated with risk of cirrhosis and HCC. Furthermore, available studies combined disparate clinical outcomes into one composite endpoint or aggregated data across multiple HCV genotypes into one comparison group. Consequently, the risk of cirrhosis and HCC attributable to the full range of viral genotypes in HCV remains unclear. Moreover, most cohorts were from outside the U.S., with limited applicability to diverse populations of HCV-infected patients in the U.S. 9, 10 There are no data on the effect of HCV viral genotype on the risk of cirrhosis and HCC (and progression from cirrhosis to HCC) in U.S. populations infected with HCV while accounting for racial case-mix, clinical, and birth cohort factors.
Examining the relationship between HCV genotype 3 and clinically meaningful outcomes in HCV has become particularly relevant as we await the new direct-acting antiviral agents (DAAs). Recent data show that sustained viral response (SVR) rates with the combination of sofosbuvir and ribavirin may be substantially lower in patients with genotype 3 (56-60%) compared to those with genotype 2 infection (>90%). 11, 12 A significant proportion of patients with HCV genotype 3 may thus remain at risk for progression to cirrhosis and HCC. Therefore, if genotype 3 is associated with accelerated disease progression, then HCV genotype status may have a major role as a risk screener, with implications for both prevention and screening in individuals with HCV.
We conducted a retrospective cohort study of 110,000 U.S. Veterans with chronic HCV infection and an average follow-up of over 5 years to examine the differences between HCV genotypes in the risk of progression to cirrhosis and HCC, as well as the risk of progression from cirrhosis to HCC.
Materials and Methods
Data Sources. This study was approved by Baylor College of Medicine's Institutional Review Board and all procedures conform to the ethical guidelines of the 1975 Declaration of Helsinki. We used data from the VA HCV Clinical Case Registry (CCR), which contains health information for all known HCV-infected patients from 128 VA facilities nationwide. Data elements in the CCR include demographics; laboratory test results; outpatient and inpatient VA pharmacy data; and inpatient and outpatient diagnoses codes. Additional details of the CCR data are published elsewhere. 13 We examined datasets obtained from the VA HCV CCR database for patients diagnosed with HCV in the VA between October 1, 1999 October 1, (fiscal year 2000 and September 31, 2009 (fiscal year 2009).
Study Population. The study cohort included patients with chronic HCV infection, defined as a positive test for HCV RNA in plasma by qualitative or quantitative assays or detectable HCV genotype between VA fiscal year 2000 and 2009. Patients had to be 18 to 90 years old to be included in the study. We excluded patients with less than 1 year of follow-up to minimize bias related to incomplete ascertainment of patients' cirrhosis and HCC risk. We defined the date of first positive HCV RNA as the index date for this analysis.
Study Exposure. HCV genotype was categorized as 1, 2, 3, and 4. We excluded patients without a documented HCV genotype test (n 5 51,000) from the analysis. We also excluded 33 patients with genotype 5 or 6 because this represented a very small subgroup of patients with HCV.
Study Outcomes. The primary outcomes of the study were new cases (incident cases) of cirrhosis (ICD-9 codes 571.2, 571.5, 571.6) and HCC (ICD-9 code 155.1) that were first recorded after 1 year of the HCV index date. In secondary analyses, we also examined the association between viral genotypes and cirrhosis and HCC recorded during the 3 years before and 1 year after the HCV index date (prevalent cases). Our ICD-9 code-based definitions for both cirrhosis and HCC were validated in our previous studies against detailed chart reviews and shown to have a high positive predicative value. 14 To calculate the incidence of cirrhosis, we excluded patients who had prevalent diagnosis of cirrhosis from the denominator. For the HCC incidence calculation, we excluded patients who had a prevalent diagnosis of either cirrhosis or HCC from the denominator. The study follow-up ended at the time of HCC, patient's death, last visit in the VA, or September 30, 2009. Potential Confounders. We ascertained several risk factors that may be associated with HCV genotype and an accelerated progression to cirrhosis and HCC in patients with HCV: age at the time of HCV diagnosis, year of birth, period of service (World War I/II, Vietnam era, post-Vietnam era), race, gender, diabetes, alcohol use, obesity, HIV infection, and receipt and success of antiviral treatment. We identified HIV, diabetes, and alcohol use by the presence of outpatient or inpatient ICD-9 diagnosis codes recorded during 1 year before or after the HCV index date. We classified a patient as obese if the BMI closest to the HCV index date was 30 kg/m 2 or greater. We defined antiviral treatment as at least one filled prescription of interferon or pegylated interferon any time after the HCV index date. We defined SVR as all RNA tests being negative after treatment completion with one being recorded at least 12 weeks after treatment completion, as previously described. 15 Data Analysis. For the primary analyses (incidence), we calculated the incidence rates per 1,000 person-years of follow-up for newly diagnosed cirrhosis and HCC for each HCV genotype. We generated Kaplan-Meier curves to illustrate and compare the cumulative incidence of cirrhosis and HCC in the four HCV genotype groups (genotype 1, 2, 3, and 4) starting 1 year after the HCV index date till the end of follow-up period. We used the log rank test to evaluate the differences among these rates.
We constructed two separate Cox proportional hazards models to examine the association between HCV genotype and time to cirrhosis or HCC while adjusting for potential confounders. We also conducted several prespecified subgroup analyses. Specifically, we limited the analysis to only those patients with documented cirrhosis and considered incident HCC cases that were recorded after 1 year of the cirrhosis index date (defined as the first instance of cirrhosis ICD-9 code). We also conducted stratified analyses by patients' age (50 years, >50 years), race (white, African American), and diabetes status to determine if the effect of HCV genotype 3 on cirrhosis and HCC risk was differential across demographic and clinical subgroups. We conducted three sensitivity analyses: 1) using the using year of birth in lieu of patients' age to adjust for birth cohort effect; 2) restricting our cohort to patients with at least 2 years of follow-up in the VA; and 3) excluding patients if they developed HCC within 3 years after the index date to ensure that we did not misclassify prevalent cirrhosis and HCC.
The results of these regressions are expressed as hazard ratios (HR) and corresponding 95% confidence intervals (CIs). The proportional hazard assumption was tested and fulfilled in all models.
For our secondary analyses (prevalence), we calculated the proportions (and their accompanying 95% CIs) of patients with prevalent cirrhosis and HCC for each HCV genotype group. We used two separate logistic regression analyses to examine the association between HCV genotype and prevalent cirrhosis and HCC while adjusting for potential confounders described above. We reported these results as odd ratios (ORs) and 95% CI. We used SAS v. 9.1 (SAS Institute, Cary, NC) to conduct all analyses.
Results
Our study cohort included 110,484 patients with HCV (Table 1 ) who were followed for a mean of 5.4 years (standard deviation [SD] 2.5 years). The mean age was 51.9 years (SD 6.7 years), almost all were male, 52.6% were white, and 33.2% were African Americans. Most patients were Vietnam-era Veterans (70.2%). Approximately 11% had diabetes, 38% had BMI 30, 51.2% had a diagnosis of alcohol abuse, and 4.3% had HIV coinfection. A total of 21.7% received antiviral treatment and 6.9% achieved SVR.
A total of 88,348 patients (79.9%) had HCV genotype 1, 13,077 (11.8%) genotype 2, 8,337 (7.5%) genotype 3, and 1,082 (0.9%) patients had genotype 4 infection. There were significant demographic and clinical differences among the HCV genotype groups ( Table 1) . Patients with genotype 3 were younger (mean age, 50.2 years, SD 6.4 years) whereas those with genotype 2 were older (mean age 52.7 years, SD 7.5 years) than patients with genotype 1 infection (mean age, 51.9 years, SD 6.6 years) (P < 0.0001). Genotype 3 patients were more likely to have served in the post-Vietnam era (31.4%) compared to HCV genotype 1 (25.3%) and 2 patients (22.6%) (P < 0.0001). Both genotype 2 and 3 patients were more likely to be white non-Hispanic compared to genotype 1 patients. HCV genotype 3 patients were less likely to have diabetes, HIV coinfection, and had lower BMI than genotype 1 patients. As expected, significantly more patients with HCV genotypes 2 and 3 received antiviral treatment and achieved SVR compared to genotype 1 patients. HCV genotype 4 patients were more likely to be Hispanics and diabetics than HCV genotype 1 patients.
Association Between HCV Genotype and Risk of Incident Cirrhosis and HCC. After an overall follow-up of 589,205 person-years, 11,306 (11.1%) patients developed cirrhosis for an incidence rate of 19.2 per 1,000 person-years, and 2,854 (2.6%) patients developed HCC for an incidence rate of 4.8 per 1,000 person-years. The incidence rates of cirrhosis were 21.5 (95% CI 5 21.1-21.9), 16.6 (95% CI 5 15.6-17.7), 30.0 (95% CI 5 28.2-31.8), and 20.4 (95% CI 5 16.8-24.7) per 1,000 person-years in patients with genotype 1, 2, 3, and 4, respectively. Similarly, the incidence rates for HCC were 4.8 (95% CI 5 4.6-5.1) per 1,000 person-years for genotype 1, 2.9 (95% CI 5 2.5-3.3) per 1,000 person-years for genotype 2, 7.9 (95% CI 5 7.1-8.8) per 1,000 personyears for genotype 3, and 4.7 (95% CI 5 3.3-6.9) per 1,000 person-years for genotype 4 patients. Figure 1 displays the relationship of HCV genotypes with the cumulative incidence of cirrhosis and HCC. HCV genotype was strongly associated with time until development of cirrhosis and HCC (log rank test P < 0.0001). In univariate Cox analyses, HCV genotype 3 was associated with a 40% increase in the risk of cirrhosis (unadjusted HR 5 1.40, 95% CI 5 1.32-1.50) and 66% increase in the risk of HCC unadjusted (HR 5 1.66, 95% CI 5 1.48-1.85) compared with HCV genotype 1 infection. Compared to patients with HCV genotype 1, those with genotype 2 had a lower risk of cirrhosis (unadjusted HR, HR 5 0.77, 95% CI 5 0.73-0.82) and HCC (unadjusted HR 5 0.60, 95% CI 5 0.52-0.69). There was no statistical difference in the risk of cirrhosis and HCC in HCV genotype 1 and genotype 4 patients.
We examined the independent association between HCV genotypes and risk of incident cirrhosis and HCC after adjusting for prespecified demographic, Table 3 . Genotype 3 was associated with a higher risk of HCC in all subgroups, although the magnitude was somewhat attenuated for African Americans and patients with diabetes. Limiting the analysis to only patients with cirrhosis did not change the direction of magnitude of the association between HCV genotypes and HCC. Similarly, replacing patients' age with the year of birth, restricting our analysis to patients with at least 2 years of follow-up, or excluding patients who developed HCC within 3 years after the index date did not affect the results (adjusted HRs for incident HCC in HCV genotype 3 versus genotype 1 patients 5 1.83, 95% CI 5 1.60-1.95; 1.77, 95% CI 5 1.56-2.02; and 1.80, 95% CI 5 1.60-2.03, respectively).
Association Between HCV Genotype and Prevalent Cirrhosis and HCC. A total of 8,769 (7.9%) and 522 (0.5%) patients had prevalent cirrhosis and HCC (diagnosed within 1 year of HCV index date). Figure 2 displays the distribution of prevalent cases of both cirrhosis and HCC stratified by HCV genotype. Patients with HCV genotype 3 were 53% (unadjusted OR 5 1.53, 95% CI 5 1.43-1.65) and 59% (unadjusted OR 5 1.59, 95% CI 5 1.22-2.08) more likely Fig. 1 . Cumulative incidence of cirrhosis (A) and HCC (B) in patients with HCV genotypes 1, 2, 3 and 4. We used the log rank test to test the differences among these rates. HCC, hepatocellular cancer.
to have both prevalent cirrhosis and HCC compared to genotype 1 patients. Adjusting for potential confounders did not change the magnitude or direction of the associations between genotype 3 and cirrhosis or HCC (data not shown).
Discussion
In this large U.S. cohort of patients with HCV, we found that HCV genotype was significantly associated with the risk of developing cirrhosis and HCC. Specifically, we found that patients with HCV genotype 3 were 31% and 80% more likely to develop cirrhosis and HCC, respectively, compared to patients with the most common HCV genotype 1 infection. In contrast, infection with HCV genotype 2 was associated with a decreased risk of subsequently developing HCC and cirrhosis relative to genotype 1. We also found that the negative effect of HCV genotype 3 persisted after we adjusted for confounders in the multivariable regression analyses, in the prespecified sensitivity analyses, and was consistent across several subgroups based on age, race, and diabetes. HCV genotype 3 also significantly increased the risk of HCC when we limited the analysis to patients with documented cirrhosis.
Other than a true causal association, we considered several possibilities as potential explanations underlying the association between HCV genotype 3 and adverse clinical outcomes. First, it is plausible that HCV genotype 3 entered the U.S. population earlier than other genotypes. If this were to be the case then patients with genotype 3 might be older and also have had the infection for a longer duration; this birth cohort effect could translate into a higher risk of cirrhosis and HCC. However, we found patients with genotype 3 HCV were indeed younger and likely to have acquired the infection later than individuals infected with another genotype, rendering this explanation untenable. Second, genotype 3 (and 2) has traditionally been considered easier to treat compared with genotype 1 and 4 infections. Indeed, we found that a significantly higher proportion of patients with genotype 3 received and subsequently responded to antiviral treatment than genotype 1. This therapeutic advantage, however, did not counterbalance the negative impact of genotype 3 on cirrhosis and HCC risk; therefore, the observed negative association could have been even greater. Third, we considered the possibility of a bias introduced by our analytical technique where we excluded patients with prevalent cirrhosis or HCC from the main analyses (i.e., incidence prevalence bias). Specifically, differential exclusion of patients with prevalent cirrhosis or HCC from nongenotype 3 groups could have spuriously magnified the association between genotype 3 and study endpoints. In order to guard against this possible bias, we constructed separate models that examined the association between HCV genotypes and prevalent cirrhosis and HCC and found similar results. Collectively, these data demonstrate that HCV genotype 3 contributes to excess risk of cirrhosis and HCC in patients with HCV.
HCV genotype 3-associated hepatic steatosis results from a direct viral effect that is independent of other predisposing conditions such as overweight, diabetes, or alcohol use. [16] [17] [18] Indeed, patients with HCV genotype 3 in our cohort were less likely to be obese or to have diabetes-findings that were consistent with previous reports. 9, 18 Hepatic steatosis may underlie the accelerated fibrosis observed in genotype 3 infection. 18, 19 However, due to lack of information on hepatic steatosis in our database we could not adjust for it in our analysis. Age at the time of HCV infection is correlated with the risk of fibrosis progression, but the study database did not include information on the estimated date of HCV acquisition. Although patients with HCV genotype 3 were younger than those with other genotypes, age at first HCV diagnosis may not correspond with the age at infection. There-fore, it remains possible that patients with HCV genotype 3 may have been infected at an older age compared to those with genotype 1, resulting in more rapid progression of fibrosis. Differences in host genetic factors not captured by our study may also explain some of the observed associations between HCV genotypes and cirrhosis and HCC risk. For example, recent studies found that the C allele at IL28B-related single nucleotide polymorphism is more common in Caucasian patients with HCV genotypes 2 and 3 than in patients with HCV genotype 1 infection. 20, 21 IL28B CC genotype may be associated with an increased risk of advanced fibrosis, although the available data show mixed results. 22 Nonetheless, differences in host genotype per se are unlikely to explain the opposing effects of HCV genotypes 2 and 3 on the risk of cirrhosis and HCC.
Our findings have implications that involve the entire spectrum of care from antiviral treatment to prevention and screening in patients with HCV genotype 3 infection. Given the accelerated progression to advanced liver disease, patients with HCV genotype 3 may serve as a high-risk group that will need to be prioritized in the era of new antiviral treatments. Unfortunately, SVR rates with the all-oral regimen combination of sofosbuvir and ribavirin may be lower in patients with genotype 3 compared to those with genotype 2 infection. 11, 12 Newer and more efficacious treatments for HCV genotype 3 patients may eventually become available. However, our data show that a substantial proportion of patient with genotype 3 infection already have developed cirrhosis (24.6%); these patients will likely remain at risk for HCC regardless of whether they receive or respond to antiviral treatment. Thus, HCV genotype 3 infection may have a major role to screen for patients who are at an increased risk for HCC. Our study is limited by the observational retrospective nature of its design. However, large prospective studies with sufficient long-term follow-up to document clinical outcomes in HCV are not likely to be forthcoming due to cost and feasibility issues. Furthermore, the absence of temporal ambiguity combined with the consistency of our results across several subgroups and in prespecified sensitivity analyses, and a biologically plausible mechanism of effect collectively suggest that HCV genotype 3 is causally linked with a higher risk of cirrhosis and HCC. Our results were derived from diagnosed HCV infected patients who sought care in the VA healthcare system, and although the generalizability of the biologic process of cirrhosis progression probably extends to other HCV infected individuals in the VA as well as nonveterans, further research would be needed to confirm that. We were also limited by the validity of ICD-9 coding system, which may vary within the VA facilities as well as between VA and non-VA practitioners. Finally, while we accounted for dispensed prescriptions, we did not have information on adherence with HCV antiviral medication; therefore, we were unable to account for differences in treatment adherence across patients with different genotypes.
In summary, HCV genotype 3 was significantly associated with the risk of developing cirrhosis and HCC. This association is independent of patients' age or year of birth and persisted after adjusting for a range of factors including diabetes and BMI. These data are relevant to the thousands of HCV patients with genotype 3 infection, and to their physicians who provide care and counseling to this population. Our results are also important from a healthcare system standpoint and may be useful in prioritizing the next generation/s of DAA so that the patients in greater need receive the treatment in an equitable and timely manner.
